Abstract. In this paper we review the status of new applications research of the Japanese Aerospace Exploration Agency (JAXA) for global health promotion using information derived from Earth observation data by satellites in cooperation with inter-disciplinary collaborators. Current research effort at JAXA to promote global public health is focused primarily on the use of remote sensing to address two themes: (i) prediction models for malaria and cholera in Kenya, Africa; and (ii) air quality assessment of small, particulate matter (PM 2.5), nitrogen dioxide (NO2) and ozone (O3). Respiratory and cardivascular diseases constitute cross-boundary public health risk issues on a global scale. The authors report here on results of current of a collaborative research to call attention to the need to take preventive measures against threats to public health using newly arising remote sensing information from space.
Introduction
Recent public health research efforts at the Japanese Aerospace Exploration Agency (JAXA) has focused on new data from Japan's space program to address two themes of infectious diseases and air quality. For the infectious diseases theme, the Earth Observation Research Center (EORC), JAXA and the Institute of Tropical Medicine of Nagasaki University (NEKKEN) have been engaged in collaborative research on malaria and cholera in Kenya from 2012 to 2014. In the beginning phase of the research, the authors found positive proof of the relationship between epidemics and climatic events (Hashizume et al., 2009 (Hashizume et al., , 2011 Collins et al., 2011; Minakawa et al., 2012) . Data from satellite sensing, health informatics and demographic surveillance (HDSS) were analyzed to produce integrated datasets for correlation analysis to identify processes or mechanisms that may relate to malaria and cholera incidence in Kenya. Environmental change processes studied included monthly and yearly changes in (i) rainfall as measured by the Global Satellite Mapping of Precipitation program (GSMaP); (ii) lake level change measurements by satellite-borne altimetry; (iii) coverage of aquatic plants prevalent over lakes observed by satellite images; and (iv) the distribution of mosquito larvae habitats by ground truth surveys.
For the air quality theme, monitoring of atmospheric constituents such as ozone (O 3 ) satellite observation systems data from Japan was initially limited to observations in the upper atmosphere by well documented optical remote sensing techniques (Sasano et al., 1999) using spectrometers. However, tropospheric measurements are difficult as it is the lowest portion of Earth's atmosphere and thus far from the orbit of the satellite, solar light is multiply-scattered by dense molecules and aerosols, and clouds interfere with incident solar light. Troposphere-oriented remote sensing must this detect and correct for cloud and aerosol effects.
Air quality in the lower troposphere is essential for human health, where fine, particulate matter (PM 2.5 ), tropospheric ozone (O 3 ) and nitrogen dioxide (NO 2 ) are major health-relevant pollutants (WHO, 2006 (Burrows et al., 1995; Munro et al., 2006; Boersma et al., 2011) . Compared with stratospheric components and long-life greenhouse gases in the troposphere, air pollutants in the troposphere are short-lived and their emission sources are localised. Therefore, appropriate spatial resolution and imaging capability are required in addition to cloud detection. Imaging spectrometer technology has not yet matured to the stage of launching satellite instruments into geo-stationery orbits that are ideal for monitoring purposes. In this paper, we discuss the potential for improvements in air pollution monitoring from space.
Infectious diseases
Lake Victoria, the second largest fresh-water lake in the world, with an area of 69,485 km 2 , is the source of the Nile River and the water supply for the residents around the lake in Uganda, Tanzania and Kenya. In the Winam Gulf, located in the north-eastern part of the lake outbreaks of water hyacinth overgrowth have been observed since 1998 that sometimes block sailing fishing boats from leaving and arriving in harbors. Algae blooms of Microcystis cyanobacteria (blue-green The turbididty in Winam Gulf is attributed to suspended sediments coming from the rivers after the rainfall of the wet season (October to November). The green patterns over areas covered by water are attributed to water hyacinths and Microcystis algae blooms, which are reported to be indicators of conditions suitable for cholera and the mosquito vectors (Anopheles) that transmit malaria outbreaks (Hashizume et al., 2009 (Hashizume et al., , 2011 .
JAXA and Nagasaki University set a field data transmitter at datalogger station on the Lake Victoria lakeshore at the International Centre of Insect Physiology and Ecology (ICIPE), Mbita, Kenya from May 31 to June 9 of each year changes were monitored in water surface coverage with (i) water hyacinths and Microcystis; (ii) water level; and (iii) water color using stationary field cameras were monitored to validate information derived from satellite remote sensing data (Fig. 2) .
From January 24 to February 2 2013, JAXA and Nagasaki University initiated a cooperative field survey at Lake Victoria to select the best out of several candidate points along a 100-km lakeshore to record ground truth observations over a one year period on lake water quality and aquatic vegetation, mainly floating weeds, such as water hyacinths and Microcystis considered to be associated with cholera outbreaks and habitats suitable for the larvae of the anopheline mosquito vectors of malaria. In addition to monitoring aquatic vegetation, environmental factors affecting growth processes and changes in distribution were monitored from space using a pan-sharpened image of AVNIR-2 with a spatial resolution of 10 m, and PRISM, onboard ALOS with a spatial resolution of 2.5 m. The normalized difference vegetation index (NDVI) was monitored using MODIS at the 250-m resolution. A point on the western coast of Mbita (upper right corner of Fig. 3 ) was selected as the most appropriate location to monitor changes in water level, surface water quality and aquatic plants which are important factors in lagoon generation and disappearance.
The inset image shows a full size scene of an ALOS pan-sharpened image of AVNIR-2 while the full expanded picture of the rectangle in the insert has 10-m spatial resolution obtained on 5 December 2010 with PRISM data, while the full expanded picture of the rectangle in the insert has a 2.5-m spatial resolution. The red rectangular area shows the coverage area of the expanded Fig. 3 image.
When environmental factors, weather conditions and climate variability are thought to be affecting the incidence of infectious diseases, significant influential factors should be identified through time series data analysis. For the cholera study, water hyacinth and Microcystis surface coverage, ground and water surface temperature, water colour (reflecting water quality), rainfall and solar radiation were considered the most important factors affecting the ecosystem. For the malaria study, rainfall, water level, deforestation, land cover change, ponds/wetlands, lagoons and hyacinths on the lakeshore were the important factors used to monitor the potential habitats of anopheline mosquito larvae that indicate malaria transmission. For this purpose, medium resolution sensors like MODIS and the Second-generation the Global Imager (SGLI) onboard Global Change Observation Mission-Climate (GCOM-C), which is planned to be launched by JAXA in 2016, are expected to deliver useful sources of data.
The MODIS time-series datasets can be used to obtain a comprehensive evaluation of regional environment change in research programmes. The data products shown in Table 2 are proposed as necessary to estimate environmental conditions for malaria and cholera. The number of pixels with a NDVI values less than 0.2 in Fig. 4 seems to be almost constant for most of the year while the number of pixels with high NDVI tends to increase on May and June every year during the dry season. In 2007, the ratio of NDVI less than 0.2 showed the minimum value, indicating the NDVI being at its highest value due to the increase of water hyacinth coverage of the lake water surface. Now in the second year period of JAXA-Nagasaki University cooperative research, satellite remote sensing data have been explored and reviewed in this paper. In the next step, the research focus will be on the development of forecast models on incidence of infectious diseases in relation to environmental factors, using satellite remote sensing data of cloud cover, land surface temperature, soil moisture and vegetation cover by MODIS, rainfall mapping by GSMaP and lake water level time series datasets by TOPEX/Poseidon, Jason-1, 2 and OSTM during 1992 to 2014. 
Air quality
Aerosols, a term covering the dispersion of colloid particles in the air (though we discuss also various kinds of polluting molecules under the air quality heading), in the atmosphere have different sizes, shapes, and components with differing impacts on human health.
In this section, we discuss the observation of aerosols remotely from space using optical instruments. There are many optically equivalent parameters that characterise aerosol distribution. For molecules, however, the parameter that must be measured from space is column density only. Each molecule has its unique absorption spectral lines and their cross sections can be characterised by laboratory spectroscopy. The quantity of individual molecules in the column is directly measured by selected spectral bands using spectrometers. Here we discuss the observation methods for aerosols and molecules separately.
JAXA launched and is operating Greenhouse gases Observing SATellite (GOSAT) in 2009 which is the first satellite to mainly observe greenhouse gases (Kuze et al., 2009 ). The major challenge of GOSAT is accurate monitoring of atmospheric constituents near the Earth's surface from space. Aerosol scattering changes the effective optical-path-length between the Sun, the Earth's surface and the satellite, and it has to be estimated to minimise uncertainty for CO 2 and CH 4 retrieval. Its follow-on GOSAT-2 adds PM 2.5 monitoring as one of its main mission objectives by improving aerosol measurements over land by addition of UV and visible channels to its cloud and aerosol imager (Thermal And Near infrared Sensor for carbon Observation Cloud and Aerosol Imager-2 (TANSO-CAI-2)).
In 2016, JAXA is scheduled to launch the Global change observation mission (GCOM)-C with the Second-generation Global Imager (SGLI) to observe both land and ocean aerosols using UV (380 nm) and polarisation channels. It will also have the capability to view the target from different view angles. JAXA and the ESA will jointly launch Earth Clouds, Aerosols and Radiation Explorer (EarthCARE) (http://global. jaxa.jp/projects/sat/earthcare/a), which is designed to provide three-dimensional distributions of clouds and aerosols as well as assessment of the chemical properties of aerosols.
When we observe aerosols by optical remote sensing, optically equivalent physical parameters that can be retrieved from space must be modeled by radiation transfer calculations. Space-borne instruments can measure radiance-spectra scattered and absorbed by aerosols at the top of the atmosphere. When the instruments view the same target from different directions, the phase function, which represents reflected intensity as a function of angle, can be characterised. Scattering and absorption are dependent on aerosol related parameters such as AOD, index of refraction (both real and imaginary parts), height size and distribution. Among these optically equivalent parameters, some can be retrieved but others have to be assumed by models. The TANSO-Fourier-Transform Spectrometer (FTS) the main instrument onboard GOSAT, is unique. It covers a wide spectral range with three spectral bands in shortwave infrared (SWIR) range measuring two liner polarisation simultaneously with high spectral resolution. By observing oxygen absorption at 760 nm (the O 2 A band), the effective optical-path-length between the sun, the Earth's surface and the satellite is well retrieved. With surface pressure information, cloud and aerosol height information, the path length can be estimated, since it is modified by these parameters. Using the 2-axes pointing mechanism of TANSO-FTS it is possible to view the same target from different directions. These functions allow estimation of the amount, particle size distribution, height and distribution as well as particle type and absorption/scattering characteristics (Frankenberg et al., 2012) . Two simultaneous linear polarisation measurements might detect higher polarised scattering by aerosols than reflection at the Earth's surface. However, this quantitative analysis requires complicated instruments, Mueller matrises and Stokes vector calculations of the spectral radiance at the top-of-the atmosphere. Further study is needed on the usage of polarisation. Existing optical instruments only provide the information on AOD and its spectral dependency, which is usually expressed as an Angstrom exponent. TANSO-FTS on GOSAT is a precursor for advanced aerosol observation from space.
One of the important in-situ parameters that can be observed locally at the Earth's surface is mass per volume of PM 2.5 , while satellite remote sensing measures this parameter by its optical scattering properties. The relationship between mass of PM 2.5 and AOD differ by region and have to be characterised using locally measured data as additional information. Aerosols have been well-observed over the ocean, where the surface is very dark except for sun glint. From an air-quality monitoring point of view, aerosol-related parameters have to be monitored over land, especially over large cities, where the surface albedo is relatively higher and finer spatial resolution is needed than over the ocean.
Generally, surface reflectance is lower at shorter wavelengths. The second instrument TANSO-CAI onboard GOSAT has 380 nm band with a 500 m spatial resolution to demonstrate monitoring of thick AOD over a large city (Fukuda et al., 2014) . SGLI onboard GCOM-C also has a shortwave band of 380 nm with a higher spatial resolution of 250m (Tanaka et al., 2010) . It has three angles (0, 60, 120 degrees), polarisation and offnadir observation capability and this is expected to greatly improve aerosol observations over land.
Many heavy molecules have absorption bands in the UV region. When spectral radiance is bright enough with moderate absorption, the column-integrated number of molecules in the atmosphere can be retrieved. Atmospheric molecules of O 3 and NO 2 can be measured by absorption in the UV and 450 nm regions, respectively. The existing space-borne diffraction grating spectrometers cover the wide spectral bands of O 3 and NO 2 simultaneously. The spectral radiance of the UV O 3 band is weaker than visible light, so UV instruments need large instantaneous field of view (IFOV) and longer integration time to get enough signal level. Therefore, the spatial resolution is limited. In addition, it is difficult to design a diffraction grating system that has spectrally flat optical efficiency for wide spectral regions. As a result, operational satellite data of larger than 10 km spatial resolution has not been fine enough to detect pollutant emission sources. If we target NO 2 only, with much narrower spectral region, the efficiency of the diffraction grating can be maximised and spatial resolution can be improved. JAXA has started a feasibility study and laboratory experiments on a new imaging spectrometer to improve the spatial resolution of NO 2 assessment to smaller than 3 km.
The measurement method of aerosol properties has not yet been optimised. In addition to AOD, additional parameters such as size distribution should be investigated. NO 2 and tropospheric O 3 have been measured from space for the last decade but further optimisation and spatial resolution improvement is expected to be feasible.
